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International Superconductivity Technology Center, Tokyo, Japan (Received 29 December 1993) The hyperfine interactions at the europium lat tice sites in samples of the homologous (Fe,Cu)Srq(Eu, Ce)"Cuq04+Q + (n = 2, 3) series were studied by 'Eu Mossbauer spectroscopy. The work was motivated by the search for new superconducting phases. This homologous series is based on the YBaqCus0r s (1:2:3)structure. The samples used in the Mossbauer measurements consisted of crystallites with random orientation and grain oriented crystallites. The texture of oriented samples was analyzed by x-ray diffraction. The complete quadrupole Hamiltonian of the 21.5-keV p-transition of Eu was successfully applied in the analyses of all the Mossbauer spectra.
In samples having n ( 2 the europium atoms occupy a single lattice site, whereas the spectra of the n = 3 samples exhibit hyperfine interactions of the two different europium sites. Analyzing the hyperfine parameters of the latter samples was made possible by simultaneous fitting of three spectra, corresponding to three different crystal orientations of the same specimen. This fitting scheme also enables more precise determination of the hyperfine parameters in the n = 2 samples. In these samples an electric field gradient (EFG), with a large negative-valued main component (V") parallel with the crystal c axis, was found. In the n = 3 samples, the two EFG's of the europium sites were found to have V"components of opposite signs. The negative V"value was attributed to the rare-earth site adjacent to the CuO layer. This site, found in all samples of the series, corresponds to the rare-earth site of the 1:2:3system.
I. INTRODUCTION
The search for new high-T, superconducting materials is often based on using existing families of compounds to synthesize new related compositions, which may exhibit superconducting properties. Usually 
III. RESULTS AND DISCUSSION
The powder x-ray diffraction data con6rmed the purity of the n = 2 and n = 3 phases. The observed diffraction lines of both phases could be labeled with Miller indices.
In Fig. 2 , x-ray data of an n = 2 sample are shown. The first spectrum (a) was recorded &om a random crystallite sample, while the two other spectra (b) and (c) originate &om magnetically aligned samples. In spectrum (b) the direction of the external magnetic field was parallel with the face of the sample, while in (c) the field was perpendicular to it. The c axis clearly tends to align parallel with the magnetic field. The alignment, however, is not perfect which can be seen through the existence of reflections with nonzero h and k indices in Fig. 2 (c) and nonzero l reflections in Fig. 2 In Fig. 3 , the x-ray data of the n = 3 phase are shown.
The magnetically aligned samples also oriented with their crystal t" axes parallel with the magnetic Geld, which is seen as an enhancement of the 00l reflections in Fig. 3 (c) and the hk0 reflections in Fig. 3(b) . These samples were also found to be tetragonal. The lattice parameters showed a similar dependence on the iron contents as the n = 2 samples. The a lattice parameter increased from 3.835(6) A. to 3.840(1) A. while the c parameter decreased from 16.893(6) A to 16.756(2) A. A. Analysis of the texture effects
To check the reliability of the orientatinal effects obtained in Gttings of Mossbauer spectra x-ray texture analyses were performed. The aim was to use the intensities of the various observed x-ray peaks to calculate the distribution of the angle 0 (measured between the crystal c axis and the normal of the sample surface). Since the line intensities of the x-ray peaks depend on several factors, the line intensities of spectra of magnetically oriented samples were divided by the line intensities of the corresponding random crystallite spectra. The relative line intensity distribution which was thus obtained should exhibit pure texture effects. The various 0 angles were calculated with the aid of purely geometrical considerations, presented in the Appendix.
The angular distributions of crystallites in two oriented specimens of (Feo szsCuo sos)Srz(Euq~sCez~s)sCuzOqq are shown in Fig. 4 . The direction of the external magnetic field was perpendicular to the sample surface in Fig. 4(a) and parallel with the surface in Fig. 4(b) Table IV .
The parameters used to generate the two simulations were Y~= 2 x lps, I' = 2.0 mm/s, eQsV"= 5.5 mm/s, fair) = 0.0, Tl ) = 2.5 %, eQ V"=+4.0 mm/s, rli i = P.6, T(') = 5.P% and $'i'i = $'l'i = P.P2 mm/s.
Single EFG fitting of the measured and simulated data thus suggests that the two EFG tensors prevailing at the two Eu sites have V"parameters of opposite signs. Also simple point-charge calculations indicated that the two rare-earth sites have EFG's with V"parameters of opposite signs. Furthermore the calculations revealed that the directions of the two V"parameters coincide with the crystal c axis, which is consistent with the lattice symmetry of the Eu sites in these compounds.
We thus decided that the spectra from the n = 3 samples should be fitted with two parallel V"parameters of opposite signs. Simultaneous fitting of spectra, from specimens of parallel, perpendicular, and random geometry, was used. The relative intensity of the lines of the two sites depend on Eu contents of the rare-earth sites. We assumed the Eu atoms to be randomly distributed on the rare-earth sites and fixed the line intensities according to the occurrence of the two sites: i.e. , 3 for the fluorite site and 3 for the perovskite site. The negative-valued V" was assumed to arise from the familiar perovskite site, resembling those found in n = 1 and 2 samples. The positive-valued V"was attributed to the fluorite site. Table I .
Assuming the fluorite site to be subjected to the negative-valued V, increased y . Also the direction of V with respect to the c axis changed from parallel to perpendicular. (7) 0.020 (7) F (mm/s) 1.98 (8) 2.07(1) The 0 values used in the texture analysis where calculated according to the formulas (Al) and (A4).
